Proliferation of wireless services and demand of greater mobility has exerted pressure on spectrum manager to make available additional spectrum in lower bands. With current spectrum management practice, no spectrum below 3 GHz is free/readily available for new services. Spectrum sharing is one solution to make available additional spectrum for new services. Sharing improves spectrum utilisation and provides enormous possibilities. This paper gives an idea about different aspects of spectrum sharing & spectrum trading and emphasized that Indian telecom market is good ground for trying various aspects of spectrum sharing. This paper is based on discussions held on utilisation of radio spectrum during several GISFI meetings held in India on standardisation.
Introduction
The Radio Frequency (RF) Spectrum is a limited natural resource, which is governed by the laws of physics. Theoretically, the RF commences from approx. 9 KHz and extends upto 3000 GHz. However, in practical scenario, not every part of the spectrum is suitable for being used for all requirements.
For example, long distance communication in a single hop is possible through HF (high frequency) bands or through troposcatter systems only. Also, at present, technologies/ equipment are available for general use of spectrum upto approx. 85 GHz only. Mobile communication is feasible upto approx. 6 GHz band, with currently available technology. Even within this practically usable spectrum as per current available technologies, cost effective equipment for a particular application may be available for use in still smaller/ limited frequency bands. This is the practical limitation on the spectrum due to propagation and availability of suitable equipment.
Today, large portions of the radio spectrum stand assigned to the authorized users by governments over the last one hundred years. This spectrum allocation policy refers to command-and control mechanism in which the Government may decide the following: ration spectrum, specify technologies and services for spectrum use, put in strict mergers and acquisition (M&A) norms, and confer non-sharable rights to spectrum holders etc. [1] . This static spectrum allocation mechanism causes frequency bands to be insufficient in various times and locations. This seeming waste is commonly referred to as the problem of "regulatory overhead". Even if all such users are paying the spectrum charges, the opportunity cost and benefits for the society at large are not fully derived. Only some small parts of the radio spectrum are openly available to license-exempt users, and changing the status of a licensed radio spectrum to unlicensed can be crucial challenge. This process takes time and needs close cooperation between technological and technical bodies to achieve efficient deployment of the new policies. Figure 1 [2] illustrates the radio spectrum and thebroad range of frequencies in wireless communication context. Most of the fractions of the radio spectrum are licensed to traditional radio communications systems. Beside, practical measurements, prove that most of the licensed bands either are unused or partially used at different geographical areas at most of the times According to the FCC's report the licensed spectrum band utilization range from 15% to 85% at different times and locations [3] .
The regulation of the radio spectrum can be differentiated into four approaches explained in table below.
While the number of wireless connections and high data rate networks increase, spectrum demand and spectrum congestion become critical challenges in the forthcoming all-encompassing wireless world. In fact, throughput, high reliability, high quality of service, mobility, and diversity of wireless services, devices based on multiple wireless standards are more and more demanded. Hence, future wireless networks will face greater spectrum scarcity due to the user's requirement such as high multimedia data rate transmission and diversity of communication technologies. The next section describes growing of spectrum demand in future wireless communication.
Increasing demands on RF Spectrum
Demands on RF spectrum are increasing extensively, for mobile servicesbroadband with ever increasing data rates (4G with 100 MBPS data rate) -futuristic 5G (ultra wide band -1 GBPS) [4] . As per CISCO analysis of data usage [5] , Mobile data traffic will grow at a CAGR of 66 percent from 2012 to 2017 mobile data traffic grew 70% in 2012 as compared to 2011, average data usage by smart phone devices is more than 50 times greater than the average data usage by basic feature phones, which comprise about 80% of the total connections/ devices globally. The predicted data usage in 2017 envisages average mobile data usage of about 7 GB per month by lap tops and netbooks, 2.5 GB by smartphone devices and more than 1 GB by nonsmartphone devices. The overall mobile data traffic is expected to grow to 11.2 exabytes per month by 2017, a 13-fold increase over 2012. The 4G systems where deployed, have seen an average of 20 times more data traffic compared to existing systems. With cloud computing, the data usage is predicted to grow further. All this would need additional spectrum for meeting these growing requirements satisfactorily. Even now, need for additional spectrum of 500 MHz for mobile services is foreseen in near future in most of the countries.
As per Report ITU-R M.2078 [6] : 'Estimated spectrum bandwidth requirements for the future development of IMT-2000 and IMT-Advanced', the predicted spectrum requirements for the mobile industry would be three times Anyone can access any range of the spectrum, minimum set of rules define by standards Low power underlay spectrum usage, Cognitive, frequency agile radios, cooperationbased, self-reconfiguring the spectrum than in the last 20 years (Table 2 ). The report also gives details about already identified spectrum and additional requirement of spectrum for IMT and IMT Advanced services to meet this demand is different for all the 3 regions (Table 3) . At the same time, the requirements of RF spectrum for other services for public -both satellite based and terrestrial based communication services, broadcasting as well as various navigational services, are also increasing. Further, the requirements of RF spectrum from other captive users -strategic users as well as other government and private users are also increasing significantly.
Trends Contributing to Increased Demand for Mobile Broadband
Despite its short history, mobile broadband seems to have a higher growth impact relative to communication technologies, such as fixed and mobile telephony and the Internet [7] . There is growing evidence that mobile broadband has a considerable socio-economic impact for individuals, firms, and communities. Mobile broadband traffic and number of subscriptions are dramatically increasing since last few years. New types of mobile devices, such as smart phones, dongles and tablets and new user behaviours have emerged, as well as new applications have been created by users. As the mobile broadband is providing benefits for society and economics, it is expected that data traffic increase and convergence between mobile and other services, such as e-health, e-education, will provide further benefits. The demands for multimedia (uses multiple forms of information content and information processing (e.g. text, audio, graphics, animation, video, interactivity), along with e-education, e-health, mobile commerce, mobile broadcasting/multi-casting, are some emerging telecommunication services to mobile users that can be provided by 'IMT' and 'IMT Advanced'.
The new generation of mobile broadband networks will support higher data throughput rates, lower latencies and more consistent network performance through a cell site [8] . This will increase the number of applications and devices that can benefit from mobile broadband connectivity, generating a corresponding increase in demand for mobile broadband from consumers, businesses. Some 'trends' contributing to increased demand for mobile broadband are:
1. New type of devices, such as smart phones, dongles, tablets 2. Mobile Internet usage is increasing 3. Huge increase of mobile applications 4. Video traffic is growing dramatically 5. Media rich social networks go mobile 6. Machine-to-Machine traffic is growing rapidly 7. More capable network -user experience improvement 8. Cost reduction and price decrease 9. Several policy initiatives to promote mobile broadband 10. Potential area to increase data traffic
Developments in the Field of Computers and Wireless Communications
The developments in the field of computer software and mobile communication facilities have complimented each other. The modern communication systems make very extensive use of computer hardware and software facilities. The enhanced computing powers and larger memory capacities have helped in development of better communication systems. At the same time, more efficient communication systems allow exchange of much larger amount of data, thus allowing greater exchange of software development capabilities between any parts of the globe. The resultant volumes and economies of scale have helped bring down the cost of equipment, allowing much faster expansion of telecom facilities across the globe. All these developments have exponentially increased the volume of data travelling across various networks, including wireless networks. This has necessitated more efficient use of all available and usable frequency spectrum.
Technological Developments in Spectrum Utilization
The evolution of technologies has gradually allowed use of higher frequency bands, thus increasing the availability of spectrum. For example, about 25 years ago, mobile communications were feasible in frequency bands upto about 400 MHz only. As compared to that mobile communications systems are now available upto approx. 6 GHz -increase in spectrum availability by almost 15 times for mobile services. However, most of the frequency bands upto 6 GHz are heavily in use for variety of other services. So the spectrum shortage continues. Similarly, the line-of-sight systems, which were generally available/ usable upto 15 GHz about 25 years ago, are now available upto almost 100 GHz band. Hence, the spectrum availability for such systems has also increased significantly. However, the demand/ requirements have grown at a much faster pace, thus resulting in continued shortage of spectrum.
On another front, the miniaturization of electronic components & systems has helped more efficient usage of spectrum. In this connection, introduction of multiple frequency bands in single equipment, due to miniaturization, allows enhanced dynamic sharing of frequency bands and the efficiency of spectrum usage is largely increased.
Hence, it has been practically observed that increasing demands on spectrum have outstripped the practical availability of spectrum, despite higher frequency bands becoming available for use through technological developments. In reality, the demands on RF spectrum have always been more than its practical availability -hence the need for its regulation/ management in an effective manner so as to derive maximum benefit for the nation and humanity at large, in the international scenario. Optimum spectrum sharing results in greater efficiency of spectrum usage. Greater sharing of frequencies and bands allows more data to be sent by different users in the same amount of available spectrum.
Spectrum Sharing
The concept of spectrum sharing [9] is sharing of a frequency band by two or more than two radio communication services or applications. At international level, different bands of RF spectrum are shared among multiple services. Each country can choose one or more of such services for utilization within their country -subject to the condition that services of other countries do not get any harmful interference [10] . Protection criteria for sharing among different services and applications are decided at international level taking into account various technical factors. With the development of technology, these sharing and protection criteria also undergo change periodically. Sharing has basically three dimensions; frequency, time and location. Spectrum sharing is not a new phenomenon. It has been in practice since longback. The frequency reuse concepts in existing telecom network, operation of point to point link on same frequency at different locations, FDMA & TDMA etc are example of spectrum sharing. Sharing of spectrum among homogenous/ similar services & applications is relatively easier and leads to greater spectrum efficiency as compared to sharing among heterogeneous services and applications (sharing among largely different services & applications) is more complex as well as provides relatively lesser increase in spectrum efficiency. In general, the digitally modulated carriers can work satisfactorily with lower protection criteria.
A lot of work is carried out in various study groups of ITU-R [11] for establishing sharing criteria among different services and applications. These criteria play a crucial role in appropriate sharing of spectrum and these are periodically reviewed in the light of various technological developments. With the development of technology, the sharing criteria undergo improvement continuously, resulting in denser utilization of and more traffic/data being derived from the same spectrum. As large number of countries participates in ITU-R studies, the criteria adopted by study groups are relatively conservative. For usage within the country or during bilateral discussions between two countries, it is possible to accept more liberal criteria, allowing still better utilization of spectrum.
Spectrum Sharing -US Scenario
The idea of spectrum sharing in the United States really started gaining traction after the National Telecommunications and InformationAdministration(NTIA) issued a report in November 2010 that found 115 MHz of spectrum currently in the hands of the federal government that could be used for wireless broadband [12] . That kicked off lots of conversations over whether and how wireless carriers could share spectrum with the federal government. Another NTIA report, in March 2012, found that 95 MHz of spectrum currently in federal hands, the 1755-1850 MHz band, could be repurposed for commercial wireless use, and as part of its review, the NTIA recommended both relocating federal users and sharing spectrum between federal agencies and commercial users [13] . In August 2012 the FCC granted permission to T-Mobile USA to test the concept of sharing spectrum between federal and commercial users in the 1755-1780 MHz band. AT&T Mobility, Verizon Wireless and T-Mobile USA recently inked an agreement with the Department of Defense to explore the possibility of sharing 95 MHz of spectrum that is currently used by the Pentagon and other federal agencies located in the 1755-1850 MHz band [14] .Of late, AT&T and Verizon are on a buying spree, as they vie with each other in expanding their 4G LTE (long term evolution) networks. For example, in 2012, AT&T obtained approval to purchase 700 MHz and 2300 MHz band spectrum from the likes of NextWave Wireless, Comcast, Horizon Wi-Com and San Diego Gas & Electric Company. Verizon recently agreed to pay $3.6 billion to buy spectrum from a consortium of cable companies to augment its spectrum capacity. Sprint acquired Clearwire recently for its 2.6 GHz 4G spectrum [1] .
The USA President's council of advisors on science and technology in their report last year, recommended about 1,000 MHz of federal spectrum holding to be released for shared access [15] . In a first ever move, the US military will experiment with sharing of spectrum that they use for aviation radars in the 3550-3650 MHz band for 4G LTE based indoor networks in hospitals [1] .
The NTIA, in coordination with the Federal Communications Commission (FCC) and the Federal agencies, established a Spectrum Sharing Innovation Test-Bed (Test-Bed) pilot program to examine the feasibility of increased sharing between Federal and non-Federal users. This pilot program is an opportunity for the Federal agencies to work cooperatively with industry, researchers, and academia to objectively examine new technologies that can improve management of the nation's airwaves. The Test-Bed Pilot Program will evaluate the ability of Dynamic Spectrum Access (DSA) devices employing spectrum sensing and/or geo-location techniques to share spectrum with land mobile radio systems operating in the 410-420 MHz Federal band and 470-512 MHz non-Federal band [16].
Dynamic Sharing of Spectrum Using SDR and CR
Earlier the transmitter equipments were tuned to specific frequencies and provision for multiple frequencies/ channels/ carriers meant large extra cost. The development of 'Software Defined Radio (SDR)'allows the user(s) to use/ switch to different frequencies in a dynamic manner without large increase in cost of equipment;
Still the existing users were not comfortable with dynamic sharing and anticipated harmful interference to their systems, when they would need to use a particular frequency/ carrier / channel. The development of 'Cognitive Radio (CR)" along with Software Defined Radio (SDR) [17] , has taken care of this concern of existing users to a large extent. In case of Cognitive Radio (CR), the system would first listen and if the channel is occupied, it would switch to some other vacant channel and use it. Also, such systems would regularly (& frequently) sense the carrier for other usages and the moment it finds some other licensed usage, it would switch to some other vacant channel/ carrier, thus causing no harmful interference to existing/ earlier licensed user(s).
Hence, dynamic sharing of spectrum is being adopted increasingly. It is a combination of administrative (regulatory), technical and market based techniques to enhance the efficiency of spectrum utilization [18] . Such dynamic sharing leads to enhanced and optimal usage of the RF spectrum.
Many strategic users as well as other public safety users (e.g. Disaster Management authority) need a small amount of spectrum for their regular use. However, in case of emergency/ public safety situation, they need much larger amount of spectrum to take care of the situation. It is not desirable to block their total spectrum requirements for all times and throughout the country, as it would let large amount of spectrum lying unused as well denying other users the opportunity to derive societal benefit from such unused part of spectrum.
Hence, Spectrum regulators in more and more countries are encouraging dynamic spectrum sharing with public safety requirements. In USA,one block of spectrum in 700 MHz band has been auctioned with the condition that public safety services would be able to pre-empt its usage in case of any emergency/ public safety requirements [19] .
Dynamic Sharing of White Spaces
Another area of dynamic spectrum sharing, which has been of large interest recently, is commonly known as 'White Spaces' (in TV band).The TV broadcasters normally plan to repeat the same channel/ carrier at relatively larger distances, to avoid any interference especially at the edges/ border of the coverage areas of two adjacent broadcast transmissions on the same channel. However, there are large areas near the edge of the theoretical coverage area of any particular TV transmission, where there are very few people receiving the program. Thus the spectrum for that channel is not used effectively in such areas.
The broadcasters in general are quite sensitive, even touchy, for protecting the reception of their signals even beyond theoretical coverage areas. Hence, only low power systems, that too on pre-emptive basis can be considered for shared usage with the TV spectrum. With the passage of time and gaining of adequate confidence among all users, including broadcasters, gradually higher power levels for other sharing systems would be feasible.
India Scenario
Spectrum sharing to some extent has been allowed in India in controlled manner with regulator's approval in non-commercial bands. However, spectrum sharing in commercial bands has not yet been opened. But the Government committed in National Telecom Policy 2012 [20] document that "To move at the earliest towards liberalisation of spectrum to enable use of spectrum in any band to provide any service in any technology as well as to permit spectrum pooling, sharing and later, trading to enable optimal utilisation of spectrum through appropriate regulatory framework."
The telecom industry in the country has witnessed a phenomenal growth in the last decade, mainly for mobile telephones. With 900 million mobiles phone connections at the end of March, 2013, India is today the second largest and fastest growing telecom market in the world in terms of number of wireless connections. It continues to grow at an average rate of 7 to 8 million connections a month. A significant part of this growth is now taking place in smaller cities and rural areas. Cellular Operator Association of India (COAI) has projected subscriber growth to 1516.8 million in 2020 with almost 45% increase from 2012 subscribers figure (Table 4) .
India is unique in its excessive fragmentation of spectrum holdings, and hence requires more innovative approaches in spectrum management. The average spectrum holding by each telecom operator is 10 MHz across all bands (i.e. 800, 900, 1800, 2100 MHz paired bands), about one-fourth of the international average [1] . To some extent, spectrum sharing has been introduced by allowing 2G intra-circle roaming and the liberalisation of spectrum use in recently conducted auction. But these steps are not sufficient to accelerate the market. Operators need more spectrum commensurate with their counterparts in other countries. But due to the Government's inability to allocate more spectrum, it is better that Government allows operators to manage spectrum through spectrum sharing/trading. It is worth to note that not a single operator got 3G spectrum in all the 22 service areas. Operators decided to share spectrum (without transfer of spectrum rights) through mutual agreements without Government permission, thus creating an "unofficial" secondary market. This is an excellent example of operator enterprise. However, the Government has just stopped this practice. It is time the Government legitimises it ex-post by allowing spectrum sharing and trading for the benefit of all which consequently provide better quality of service for subscribers, optimal utilisation of spectrum and increase in Government revenue [1] .
Initial Investigation of Frequencies Bands for Flexibility
The following bands are being investigatedin many countries for more flexibility regarding additional spectrum. Total bandwidth under consideration is about 1330 MHz.
• 470-862 MHz: presently used for broadcasting services; 
Policies on Spectrum Utilization

Light Licensing
In this utilisation technique all stations must be registered in defined database spectrum map. Light Licensing is a novel concept in the US in the 3,650 to 3,700 MHz range(and in 70/80 GHz bands), which allows systems to share spectrum on a co-primary basis, whereby geographic location and signal sensing mechanisms are employed to ensure that no interference is caused among the involved systems (Fixed, FSS or Mobile). The IEEE 802.11y Working Group is one standard body that has focused on such concepts [21] .
Spectrum fragmentation
Spectrum fragmentation is a further reason that new techniques are needed to exploit spectrum gaps and white spaces among the fragmented spectrum assignments [22] . The approach is based on a joint simultaneous use of different frequency bands in the frequency range of about 400 MHz up to about 6 GHz including the unlicensed frequency bands for WLAN applications.
Spectrum Harmonisation
Spectrum Harmonisation means defining technical conditions, including spectrum, band plan and technology, at a global and regional level, to ensure efficient spectrum use, seamless services over wide areas including roaming, system co-existence and global circulation of user equipment across borders.
Spectrum Liberalisation
Essentially, liberalisation of spectrum means the removal of technology restrictions to enable new access technologies to be deployed within the same band or bands as existing and legacy technologies -for example, UMTS or HSPA could be deployed in spectrum bands where traditionally GSM, CDMA or TDMA has been used.However, such usages should not cause harmful interference to any other adjoining usage in the band or nearby frequency bands.
Spectrum Trading
Spectrum trading is another aspect associated with spectrum sharing. In fact, spectrum trading is the case of spectrum sharing, where commercial aspects are also involved. Spectrum trading permits the purchaser to change the use to which the spectrum was initially put while maintaining the right to use. In such cases, it may involve transfer of rights to use the spectrum, rather than transfer of the licence itself [23] . Spectrum trading generally leads to an economically more efficient use of spectrum. This is because a trade will only take place if the spectrum is worth more to the new user compared to the old user. Trading, viewed by many as the key step to be taken in the reform of spectrum management regulatory practice, is capable of unlocking the potential of new technologies and eliminating artificial scarcities of spectrum, which find expression in inflated prices for spectrum-using services. USA and many European countries have introduced/ allowed spectrum trading in certain specific bands only, which are in demand for commercial use, with specified conditions.
State of Spectrum Trading
Following the initial assignment of spectrum rights and obligations to users, whether by auction or other means, circumstances may change causing initial license holders to want to trade their rights and obligations with others. Today this is not possible in many countries. However, in a few countries such as the UK, secondary trading -the trading of spectrum rights after the primary assignment -is possible [24] . The possibility to trade radio spectrum is argued by many commentators to be a critical factor in the promotion of more efficient radio spectrum use. Furthermore, it is increasingly recognized that the flexibility afforded by trading is helpful for innovation and competitiveness. The successful implementation of spectrum trading requires a commitment to change current view of regulatory bodies with a solid base in understanding new technologies and operating systems. Spectrum policies must address the incentives for innovation in order to promote spectrum's assignment flexibility while clearly establish the usage rights and obligations of those who use the spectrum to transmit or receive information. Furthermore, the spectrum flexibility also demands new approaches and practical methods for the monitoring compliance, enforcement and conflict resolution.
In Europe, the European Commission (EC) is taking the lead in promoting harmonized trading for radio spectrum where its use has a European dimension. Emphasis is being placed on certain bands below 3 GHz, where it is estimated that the net benefits from trade may be substantial. Despite fairly widespread recognition that the current regime of spectrum management operating in most of the European Union is not sufficiently flexible to achieve the Union's objectives in promoting competitiveness and innovation, thus far the pace of reform is slow, although some necessary steps have been put in place, and the European Commission is promoting liberalization across the EU [25] .
Secondary spectrum market is already running in several countries like USA, UK, Australia, New Zealand and most of European Union countries. Though secondary spectrum markets have not been successful in Australia, New Zealand and some European countries due to "market thinness", or lack of sufficient participation, the activity level is very high in the US. Mobile operators have bought spectrum from each other as well as from broadcasters and other niche spectrum holders.
Spectrum Transaction methods
Spectrum transfer, proceeds by the transfer of licence rights and obligations and necessarily involves the grant of a new licence to the transferee. Transfer may be for all or part of the licence duration (short time or long time).
Spectrum leasing, proceeds by a Contract between the parties without the need for National Regulatory Authority(NRA)to issue a new licence. The incoming user (the leaseholder) is not issued with a licence by NRA but is authorised to use the spectrum for the period of the lease on the basis of a contract with a licensee (the lessor).
Duration of Usage Rights
Long Period: In the case of auctioned spectrum, or spectrum granted by means of comparative or negotiation procedures, the duration is longer, between 5 and 20 years. In Denmark the default duration for the granted usage rights is 15 years.
Short Period:
In the case of frequency assignments with no selection procedure, they are generally granted for a short period, one to three years, but the licence is automatically renewed, if the license fee has been paid (e.g. Cyprus, Estonia).
Spectrum Trading Procedure [25]
The procedures can be broken up in several steps, essentially what happens before the transaction and what happens immediately after the transaction.
1. Notification of the intention to trade, spectrum holder might notify NRA in selling spectrum band. 2. Publication of information prior to the transaction, at this stage information of both parties and information on frequency and technical details need to be published. 3. Approval of transaction by NRA, publication of information on the effective transaction, information of the transaction must be made public, such as Geographic area, frequency, expiration, and so on. 4. Monitoring system, in most cases NRA has responsibility on monitoring transaction of spectrum usage rights.
Spectrum Trading Benefits
The main benefits of spectrum trading encompass:
• More efficient use of spectrum* • More flexibility in spectrum management, including removal of rigidities in primary assignment.
• Ability to evaluate spectrum licences, and gain knowledge of market value of spectrum • Facilitating market entry.
• Encouragement of innovation, enabling new technologies and market development.
• Speedier process, with better and faster decision-making by those with information.
• Increase in competition and reduced barriers to market entry.
• Reduction in administrative workload.
• Reassignment of spectrum from low economic value uses to high economic value uses.
• Allows efficient companies to expand and displace less efficient companies.
• Increasing opportunities for entrepreneurs to access spectrum to introduce innovative technologies and services.
• Reduction in the transactions costs of acquiring rights to use spectrum.
• Permitting more rapid redeployment and faster spectrum access for innovators and new players without the need for regulators to re-plan and re-farm spectrum.
• Allowing new technologies to gain access to spectrum more quickly.
• Opportunity (for existing operators) to sell unused or under-used spectrum and make more flexible use of spectrum.
Significant Concerns in Spectrum trading
There are several significant concerns in spectrum trading and liberalisation includes:
• Low spectrum trading activity • Inefficient use of spectrum* • High transactions costs • Risk of increased interference • Impact of spectrum trading on anti-competitive conduct • Impact on investment and innovation
• Impact on international co-ordination / harmonisation • Windfall gains • Disruptive effect on consumers • Reduced ability to achieve public interest objective (*The spectrum usage efficiency varies with different operators. The spectrum trading generally would see the spectrum moving from an operator who has relatively lesser need (hence lesser spectrum efficiency), to another operator who is starved of spectrum due to larger amount of network traffic. Hence, such movement of spectrum through trading would result in more efficient use of relevant spectrum. However, all spectrum trading deals might not be undertaken for spectrum efficiency only. In some cases, an operator may buy part of the spectrum for his immediate needs and some more for his foreseen future needs (or total spectrum for his foreseen needs), when such spectrum is available and the buyer sees a business case for the additional spectrum. Such a deal might result in sub-optimum spectrum efficiency for some time, but eventually the buyer would plan his network to derive the maximum traffic and efficiency from his spectrum holding.)
Conclusions
Thus it can be seen that enhanced spectrum sharing results in greater efficiency of spectrum usage, which is essential -almost unavoidable necessity for this limited and scarce resource. Although, there is always some cost associated with it, yet the overall benefits to the society are much larger. Spectrum trading is also a kind of spectrum sharing, though it is not much successful in manycountries but it would improve spectrum efficiency in both terms; technical as well as economic, if implemented in an objective manner, seeing the telecom scenario in India. His area of interest includes Technical Education, Radio Regulatory affairs for new technologies, Radio mobile communications, dynamic spectrum management and Cognitive Radio.
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